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Abstract: We use the local value of the Hubble constant recently measured with 2.4%
precision, as well as the latest compilation of cosmic chronometers data, together with
standard probes such as Supernovae Type Ia and Baryon Acoustic Oscillation distance
measurements, in order to impose constraints on the viable and most used f(T ) gravity
models, where T is the torsion scalar in teleparallel gravity. In particular, we consider three
f(T ) models with two parameters, out of which one is independent, and we quantify their
deviation from ΛCDM cosmology through a sole parameter. Our analysis reveals that
for one of the models a small but non-zero deviation from ΛCDM cosmology is slightly
favored, while for the other models the best fit is very close to ΛCDM scenario. Clearly,
f(T ) gravity is consistent with observations, and it can serve as a candidate for modified
gravity.
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mic chronometers
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1 Introduction
According to a large amount of observational data the universe is currently exhibiting
an accelerating expansion, while according to theoretical arguments and observational in-
dications at early times the universe should had also experienced a phase of accelerated
expansion called inflation. There are two main directions that one could follow in order
to provide a description. The first is to remain in the framework of general relativity and
introduce new, exotic components in the universe content, such as the inflaton field(s) [1, 2]
and the dark energy sector [3–5]. The second way is to construct gravitational modifica-
tions in such a way that the additional gravitational degree(s) of freedom could drive the
accelerating expansion [6].
Concerning modified gravity, the large majority of works start from the standard grav-
itational description, i.e. from its curvature formulation, and extend the Einstein-Hilbert
action, as for instance in the F (R) gravity [7, 8], in Gauss-Bonnet and f(G) gravity [9, 10],
in Lovelock gravity [11, 12], in Horˇava-Lifshitz gravity [13], in massive gravity [14] etc. How-
ever, one can equally well construct gravitational modifications starting from the torsion-
based formulation, and specifically from the Teleparallel Equivalent of General Relativity
(TEGR) [15–20]. Since in this theory the Lagrangian is the torsion scalar T , the simplest
modification is the f(T ) gravity [21, 22] (see [23] for a review), a theory that is different
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from f(R) gravity despite the fact that TEGR is completely equivalent with general rela-
tivity at the level of equations. That is why f(T ) gravity and its cosmological applications
have gained a lot of interest in the literature, both for early-time [24–28] and late-time
[29–66] descriptions. Finally, one can construct various extensions of f(T ) gravity and
investigate their interesting cosmological implications [67–83].
A crucial question in every modified gravity that incorporates an unknown function,
is what are the forms of this function and moreover what are the values of the involved pa-
rameters. As long as one excludes forms and parameter regions that lead to contradictions
or theoretical disadvantages, the main tool he has in order to further constrain the remain-
ing classes is to use observational data. In the case of f(T ) gravity this has been done
using cosmological observations from Supernovae type Ia, cosmic microwave background
and baryonic acoustic oscillations [84–87] or solar system data [88–90].
In this work we are interested in providing updated constraints on various f(T ) gravity
models, using the very recently released data [91] . In particular, we use the latest astro-
nomical data sets: (1)- Hubble parameter measurements from the differential evolution of
cosmic chronometers (CC) + the latest released local value of the Hubble parameter (H0)
at 2.4% precision; (2)- Type Ia Supernovae sample from Union 2.1 compilation containing
580 data points, and finally (3)- six baryon acoustic oscillation data. The joint analysis of
the above data sets provides new constraints on f(T ) models. The manuscript is organized
as follows: In Section 2 we briefly review f(T ) gravity and cosmology, focusing on the
three viable and thus most-used models. In Section 3 we present the latest data sets for
our analysis, whereas in Section 4 we use them in order to extract constraints on various
quantities. Finally, in Section 5 we summarize our results.
2 f(T ) gravity and cosmology
In this section we briefly review f(T ) gravity and we apply it in a cosmological framework.
Then we examine three specific f(T ) models, which are the viable ones amongst the variety
of f(T ) scenarios, since they pass the basic observational tests.
2.1 f(T ) gravity
In f(T ) gravity, and similarly to all torsional formulations, we use the vierbein fields eµA,
which form an orthonormal base on the tangent space at each manifold point xµ. The
metric then reads as gµν = ηABe
A
µ e
B
ν (in this manuscript greek indices and Latin indices
span respectively the coordinate and tangent spaces). Moreover, instead of the torsionless
Levi-Civita connection we use the curvatureless Weitzenbo¨ck one
w
Γ
λ
νµ ≡ eλA ∂µeAν [19], and
hence the gravitational field is described by the torsion tensor
T ρµν ≡ eρA
(
∂µe
A
ν − ∂νeAµ
)
. (2.1)
The Lagrangian of teleparallel equivalent of general relativity, i.e. the torsion scalar T , is
constructed by contractions of the torsion tensor as [19]
T ≡ 1
4
T ρµνTρµν +
1
2
T ρµνTνµρ − TρµρT νµν . (2.2)
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Inspired by the f(R) extensions of general relativity we can extend T to a function T+f(T ),
constructing the action of f(T ) gravity [21, 22]:
S = 1
16piG
∫
d4xe [T + f(T )] , (2.3)
with e = det(eAµ ) =
√−g and G the gravitational constant (we have imposed units where
the light speed is equal to 1). Note that TEGR and thus general relativity is restored when
f(T ) = 0, whereas for f(T ) = const., we recover general relativity with a cosmological
constant.
2.2 f(T ) cosmology
Let us apply f(T ) gravity in a cosmological framework. Firstly, we need to incorporate the
matter and the radiation sectors, and thus the total action is written as
Stot = 1
16piG
∫
d4xe [T + f(T )] + Sm + Sr, (2.4)
with the matter and radiation Lagrangians assumed to correspond to perfect fluids with
energy densities ρm, ρr and pressures Pm, Pr respectively.
Variation of the action (2.4) with respect to the vierbeins provides the field equations
as
e−1∂µ(ee
ρ
ASρ
µν)[1 + fT ] + e
ρ
ASρ
µν∂µ(T )fTT − [1 + fT ]eλAT ρµλSρνµ +
1
4
eνA[T + f(T )]
= 4piGeρA
[
T (m)ρν + T (r)ρν
]
, (2.5)
with fT = ∂f/∂T , fTT = ∂
2f/∂T 2, and where T (m)ρν and T (r)ρν are the matter and
radiation energy-momentum tensors respectively.
As a next step we focus on homogeneous and isotropic geometry, considering the usual
choice for the vierbiens, namely
eAµ = diag(1, a, a, a), (2.6)
which corresponds to a flat Friedmann-Robertson-Walker (FRW) background metric of the
form
ds2 = dt2 − a2(t) δijdxidxj , (2.7)
where a(t) is the scale factor.
Inserting the vierbein (2.6) into the field equations (2.5) we acquire the Friedmann
equations as
H2 =
8piG
3
(ρm + ρr)− f
6
+
TfT
3
(2.8)
H˙ = −4piG(ρm + Pm + ρr + Pr)
1 + fT + 2TfTT
, (2.9)
with H ≡ a˙/a the Hubble parameter, and where we use dots to denote derivatives with
respect to t. In the above relations we have used that
T = −6H2, (2.10)
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which arises straightforwardly for a FRW universe through (2.2).
Observing the form of the first Friedmann equation (2.8) we deduce that in f(T )
cosmology we acquire an effective dark energy sector of gravitational origin. In particular,
we can define the effective dark energy density and pressure as [23]:
ρDE ≡ 3
8piG
[
−f
6
+
TfT
3
]
, (2.11)
PDE ≡ 1
16piG
[
f − fTT + 2T 2fTT
1 + fT + 2TfTT
]
, (2.12)
and thus its effective equation-of-state parameter writes as
w = − f/T − fT + 2TfTT
[1 + fT + 2TfTT ] [f/T − 2fT ] . (2.13)
Note that ρDE and PDE defined in (2.11), (2.12) obey the usual evolution equation
ρ˙DE + 3H(ρDE + PDE) = 0. (2.14)
Finally, the equations close considering the standard matter evolution equation
ρ˙m + 3H(ρm + Pm) = 0. (2.15)
In this work we are interested in confronting the above Friedmann equations with
observations. Hence, we firstly define [85]
E2(z) ≡ H
2(z)
H20
=
T (z)
T0
, (2.16)
with T0 ≡ −6H20 (in the following we use the subscript “0” to denote the current value
of a quantity). Furthermore, we use the redshift z = a0a − 1 as the independent variable,
and for implicitly we set a0 = 1. Therefore, using additionally that ρm = ρm0(1 + z)
3,
ρr = ρr0(1 + z)
4, we re-write the first Friedmann equation (2.8) as [85]
E2(z, r) = Ωm0(1 + z)
3 + Ωr0(1 + z)
4 + ΩF0y(z, r) (2.17)
where
ΩF0 = 1− Ωm0 − Ωr0 , (2.18)
with Ωi0 =
8piGρi0
3H20
the corresponding density parameter at present. In this case the effect
of the f(T ) modification is encoded in the function y(z, r) (normalized to unity at present
time), which depends on Ωm0,Ωr0, and on the f(T )-form parameters r1, r2, ..., namely [85]:
y(z, r) =
1
T0ΩF0
[f − 2TfT ] . (2.19)
We mention that due to (2.10) the additional term (2.19) in the effective Friedman equation
(2.17) is a function of the Hubble parameter only.
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2.3 Specific viable f(T ) models
In this subsection we review three specific f(T ) models, which are the viable ones amongst
the variety of f(T ) scenarios with two parameters out of which one is independent, since
they pass the basic observational tests [85]. For each of them we calculate the function
y(z, r) through (2.19) and we quantify the deviation of y(z, r) from its (constant) ΛCDM
value introducing a distortion parameter b.
1. The power-law model of Bengochea and Ferraro (hereafter f1CDM) [21] is character-
ized by the form
f(T ) = α(−T )b, (2.20)
where α and b are the two model parameters. Inserting this f(T ) form into Friedmann
equation (2.8) at present, we acquire
α = (6H20 )
1−b ΩF0
2b− 1 , (2.21)
and moreover (2.19) gives
y(z, b) = E2b(z, b) . (2.22)
Clearly, for b = 0 the present scenario reduces to ΛCDM cosmology, namely T +
f(T ) = T − 2Λ (with Λ = 3ΩF0H20 , ΩF0 = ΩΛ0). Finally, we mention that we need
b < 1 in order to obtain an accelerating expansion.
2. The Linder model (hereafter f2CDM) [22] arises from
f(T ) = αT0(1− e−p
√
T/T0), (2.23)
with α and p the two model parameters. In this case (2.8) gives that
α =
ΩF0
1− (1 + p)e−p , (2.24)
while from (2.19) we obtain
y(z, p) =
1− (1 + pE)e−pE
1− (1 + p)e−p . (2.25)
As we can see, for p→ +∞ the present scenario reduces to ΛCDM cosmology. Hence,
for convenience we could replace p = 1/b, and thus (2.25) becomes
y(z, b) =
1− (1 + Eb )e−E/b
1− (1 + 1b )e−1/b
, (2.26)
which indeed tends to unity for b→ 0+.
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3. Motivated by exponential f(R) gravity [92], Bamba et. al. introduced the following
f(T ) model (hereafter f3CDM) [36]:
f(T ) = αT0(1− e−pT/T0), (2.27)
with α and p the two model parameters. In this case we acquire
α =
ΩF0
1− (1 + 2p)e−p , (2.28)
y(z, p) =
1− (1 + 2pE2)e−pE2
1− (1 + 2p)e−p . (2.29)
Similarly to the previous case, we can re-write the present model using p = 1/b,
resulting to
y(z, b) =
1− (1 + 2E2b )e−E
2/b
1− (1 + 2b )e−1/b
. (2.30)
Hence, we can immediately see that f3CDM model tends to ΛCDM cosmology for
p→ +∞, or equivalently for b→ 0+.
The above three f(T ) forms are the ones that have been used in the literature of
f(T ) cosmology, possessing up to two parameters, out of which one is independent, which
have been found to be viable, i.e. they pass the basic observational tests. There are
two more models with two parameters used in the literature, namely the Bamba et al.
logarithmic model [36], with f(T ) = αT0
√
T
qT0
ln
(
qT0
T
)
, and the hyperbolic-tangent model
[93], with f(T ) = α(−T )n tanh (T0T ), however since these two models do not possess ΛCDM
cosmology as a limiting case and they are in tension with observational data [85], we do
not consider them in this work. Finally, note that in principle one could construct f(T )
models with more than two parameters, for instance combining the above simple scenarios,
however the appearance of many free parameters would be a significant disadvantage.
3 Current Observational Data
In this work we desire to constrain f(T ) gravity using observational data obtained by probes
which map the expansion history of the late-time universe (and in particular lying in the
redshift region z < 2.36). Our analysis is based on the Hubble parameter measurements
acquired from the cosmic chronometers (CC) technique. On top of that, we consider the
usual observations of Supernovae Type Ia (SNeIa), local Hubble parameter H0, and Baryon
Acoustic Oscillation (BAO). In the following subsections, we present the different data sets
used in our analysis [94].
3.1 Cosmic chronometer data set and H0
The cosmic chronometers (CC) approach to measure H(z) uses relative ages of the most
massive and passively evolving galaxies in order to measure dz/dt, from which one obtains
H(z) [95]. The latest implementation has been described in [96] in detail, along with the
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examination of possible sources of uncertainty. In this work we consider the compilation
of Hubble parameter measurements given in [96, 97], which contains the latest updated
list of H(z) measurements [96–100] obtained through the cosmic chronometers approach,
constituting of 30 measurements covering the redshift range 0 < z < 2. This sample spans
around 10 Gyr of cosmic time. Additionally, in our analysis we include also the new local
value of H0 measured with a 2.4 % determination by [91], namely H0 = 73.02 ± 1.79
km/s/Mpc. These data sets have been recently used to impose constraints on dynamical
dark energy [101] and coupled dark energy [94] scenarios.
3.2 Type Ia Supernovae
Type Ia Supernovae (SNeIa) are widely used in order to provide constraints on dark energy
sector, since they serve as “standard candles” and thus can offer us a way to measure cosmic
distances. In this work we use the Union 2.1 compilation [102], which contains 580 SNeIa
data in the redshift range 0.015 ≤ z ≤ 1.41. The details of the fitting procedure can be
found in [94].
3.3 Baryon Acoustic oscillation
Baryon acoustic oscillations (BAO) arise from pressure waves at the recombination epoch,
generated by cosmological perturbations in the primeval baryon-photon plasma, and they
appear as distinct peaks in the large angular scales. Hence, they can be used as a significant
cosmological probe for observational analyses. In this work, and similarly to [94], we use the
following 6 BAO data in order to constrain the expansion history of a given cosmological
model: the Main Galaxy Sample of Data Release 7 of Sloan Digital Sky Survey (SDSS-
MGS) [103], the measurement from the Six Degree Field Galaxy Survey (6dF) [104], the
LOWZ and CMASS galaxy samples of the Baryon Oscillation Spectroscopic Survey (namely
BOSS-LOWZ and BOSS-CMASS) [105], and the distribution of the LymanForest in BOSS
(BOSS-Ly) [106]. The above measurements and the corresponding effective redshift are
summarized in Table 1.
Survey z Parameter Measurement Reference
SDSS-MGS 0.10 DV /rs 4.47 ± 0.16 [103]
6dF 0.106 rs/DV 0.327 ± 0.015 [104]
BOSS-LOWZ 0.32 DV /rs 8.47 ± 0.17 [105]
BOSS-CMASS 0.57 DV /rs 13.77 ± 0.13 [105]
BOSS-Lyα 2.36 c/(Hrs) 9.0 ± 0.3 [106]
BOSS-Lyα 2.36 DA/rs 10.08 ± 0.4 [106]
Table 1. The baryon acoustic oscillation (BAO) measurements used in this work.
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4 Observational Constraints
In this section we proceed to the main analysis of the present manuscript, and we use
the above observational data in order to impose constraints on the various f(T ) models
of subsection 2.3. In order to perform the fitting procedure of the involved free parame-
ters, we use the public code CLASS [107] along with the public Monte Carlo code Monte
Python [108], while as our sampling method we choose the Metropolis Hastings algorithm.
Additionally, for the statistical analysis we have considered the density parameters for
baryons and radiation at present respectively as Ωb0 = 0.05, Ωr0 = 10
−5, while we use the
parameter Ωm to denote both baryons and cold dark matter, i.e. Ωm = Ωcdm + Ωb. In the
following three subsections we perform the fittings for each model separately.
4.1 f1CDM model: f(T ) = α(−T )b
For the case of f1CDM model: f(T ) = α(−T )b of (2.20), in Fig. 1 we depict the evolution
of the densities for radiation, baryons, dark matter, and effective dark energy, between the
redshift range z ∈ [0,10000]. As we can see, and as expected, the density evolutions are
consistent with the thermal history of the universe, i.e. we obtain successively the radiation
era, the matter era, and at recent times (the transition is around z ∼ 0.70) the onset of
the dark-energy era and of cosmic acceleration.
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Figure 1. The evolution of various densities in units of Mpc−2, multiplied by 8piG/3, as a function
of the redshift, for the f1CDM model: f(T ) = α(−T )b of (2.20). We have considered b = 0.1,
h = 0.68, Ωb0 = 0.05, Ωcdm0 = 0.24, Ωr0 = 10
−5.
Let us now proceed to constrain the free parameter of the model using two different
data sets, namely CC + H0 and the combination of all data sets CC + H0 + SNeIa +
BAO, following the procedure described in the previous section. In Figs. 2 and 3 we
present the contour plots of various quantities for CC + H0 and CC + H0 + SNeIa +
BAO, respectively. Additionally, in Tables 2 and 3 we summarize the best fit values for
the two data sets respectively.
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Figure 2. 68.3% and 95.4% confidence-level contour plots for various quantities and for the free
parameter b, for the f1CDM model: f(T ) = α(−T )b of (2.20), using only CC + H0 observational
data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm = Ωcdm + Ωb,
and h = H0/100 km/s/Mpc. Additionally, we present the marginalized one-dimensional posterior
distribution, where the dashed curve stands for the average likelihood distribution.
Parameter best-fit mean± 1σ 95% lower 95% upper
Ωcdm0 0.1791 0.1812
+0.016
−0.019 0.1484 0.2152
h 0.7303 0.7285+0.017−0.018 0.6946 0.7623
b 0.03639 0.03329+0.043−0.035 −0.04738 0.1096
Ωm0 0.2291 0.2312
+0.016
−0.019 0.1984 0.2652
Table 2. Summary of the best fit values and main results for various quantities and for the
free parameter b, for the f1CDM model: f(T ) = α(−T )b of (2.20), using CC + H0 observational
data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm = Ωcdm + Ωb, and
h = H0/100 km/s/Mpc.
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Figure 3. 68.3% and 95.4% confidence-level contour plots for various quantities and for the
free parameter b, for the f1CDM model: f(T ) = α(−T )b of (2.20), using CC + H0 + SNeIa +
BAO observational data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm =
Ωcdm+Ωb, and h = H0/100 km/s/Mpc. Additionally, we present the marginalized one-dimensional
posterior distribution, where the dashed curve stands for the average likelihood distribution.
Parameter best-fit mean± 1σ 95% lower 95% upper
Ωcdm0 0.1806 0.1835
+0.016
−0.019 0.1503 0.2179
h 0.7292 0.7275+0.017−0.018 0.6945 0.7616
b 0.05536 0.05128+0.025−0.019 0.00622 0.09329
Ωm0 0.2306 0.2335
+0.016
−0.019 0.2003 0.2679
Table 3. Summary of the best fit values and main results for various quantities and for the
free parameter b, for the f1CDM model: f(T ) = α(−T )b of (2.20), using CC + H0+ SNeIa +
BAO observational data. The parameter Ωm includes both baryons and cold dark matter, i.e.
Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc.
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As we can see, the parameter b which determines the deviation from the ΛCDM sce-
nario is near zero, i.e. the f(T ) model at hand constrained by the current data is found
to be close to ΛCDM cosmology as expected. However, it is interesting to note that the
b = 0 value is only marginally allowed, and hence the observations seem to slightly favor a
small but not non-zero deviation from ΛCDM cosmology. This is one of the main results
of the present work.
4.2 f2CDM model: f(T ) = αT0(1− e−p
√
T/T0)
For the case of f2CDM model: f(T ) = αT0(1 − e−p
√
T/T0) of (2.23), in Fig. 4 we depict
the evolution of the various densities between the redshift range z ∈ [0,10000]. Similarly
to the previous model, the density evolutions are consistent with the thermal history of
the universe, i.e. we obtain successively the radiation era, the matter era, and at recent
times (the transition is around z ∼ 0.70) the onset of the dark-energy era and of cosmic
acceleration.
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Figure 4. The evolution of various densities in units of Mpc−2, multiplied by 8piG/3, as a
function of the redshift, for the f2CDM model: f(T ) = αT0(1 − e−p
√
T/T0) of (2.23). We have
considered b = 1/p = 0.1, h = 0.68, Ωb0 = 0.05, Ωcdm0 = 0.24, Ωr0 = 10
−5.
Let us now proceed to constrain this model using two different data sets, namely
CC +H0 and the combination of all data sets CC + H0 + SNeIa + BAO. In Figs. 5 and
6 we depict the contour plots of various quantities for CC + H0 and CC + H0 + SNeIa
+ BAO, respectively. Additionally, in Tables 4 and 5 we summarize the best fit values for
the two data sets respectively.
As we can see, the parameter b which determines the deviation from the ΛCDM sce-
nario is near zero, i.e. the f(T ) model at hand constrained by the current data is found
to be close to ΛCDM cosmology as expected. However, contrary to the f1CDM model of
the previous subsection, and due to its different functional form, it is interesting to note
that the b = 0 value is now inside the 1σ region, and hence this model can observationally
coincide with ΛCDM cosmology.
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Figure 5. 68.3% and 95.4% confidence-level contour plots for various quantities and for
the free parameter b, for the f2CDM model: f(T ) = αT0(1 − e−p
√
T/T0) of (2.23), using only
CC + H0 observational data. The parameter Ωm includes both baryons and cold dark matter,
i.e. Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc. Additionally, we present the marginalized
one-dimensional posterior distribution, where the dashed curve stands for the average likelihood
distribution.
Parameter best-fit mean± 1σ 95% lower 95% upper
Ωcdm0 0.1906 0.1928
+0.014
−0.015 0.1646 0.2216
h 0.7179 0.7153+0.013−0.013 0.6884 0.7429
b 0.04334 0.1115+0.035−0.11 1.68e− 05 0.2372
Ωm0 0.2406 0.2428
+0.014
−0.015 0.2146 0.2716
Table 4. Summary of the best fit values and main results for various quantities and for the
free parameter b, for the f2CDM model: f(T ) = αT0(1 − e−p
√
T/T0) of (2.23), using CC + H0
observational data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm =
Ωcdm + Ωb, and h = H0/100 km/s/Mpc.
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Figure 6. 68.3% and 95.4% confidence-level contour plots for various quantities and for the
free parameter b, for the f2CDM model: f(T ) = αT0(1 − e−p
√
T/T0) of (2.23), using CC + H0 +
SNeIa + BAO observational data. The parameter Ωm includes both baryons and cold dark matter,
i.e. Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc. Additionally, we present the marginalized
one-dimensional posterior distribution, where the dashed curve stands for the average likelihood
distribution.
Parameter best-fit mean± 1σ 95% lower 95% upper
Ωcd0m 0.2198 0.2284
+0.0097
−0.019 0.1996 0.2641
h 0.6909 0.6819+0.019−0.0093 0.6435 0.7103
b 0.04095 0.1325+0.043−0.13 1.403e− 05 0.2785
Ωm0 0.2698 0.2784
+0.0097
−0.019 0.2496 0.3141
Table 5. Summary of the best fit values and main results for various quantities and for the free
parameter b, for the f2CDM model: f(T ) = αT0(1− e−p
√
T/T0) of (2.23), using CC + H0+ SNeIa
+ BAO observational data. The parameter Ωm includes both baryons and cold dark matter, i.e.
Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc.
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4.3 f3CDM model: f(T ) = αT0(1− e−pT/T0)
For the case of f3CDM model: f(T ) = αT0(1 − e−pT/T0) of (2.27), in Fig. 7 we depict
the evolution of the various densities between the redshift range z ∈ [0,10000]. Similarly
to the previous models, the density evolutions are consistent with the thermal history of
the universe, i.e. we obtain successively the radiation era, the matter era, and at recent
times (the transition is around z ∼ 0.70) the onset of the dark-energy era and of cosmic
acceleration.
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Figure 7. The evolution of various densities in units of Mpc−2, multiplied by 8piG/3, as a function
of the redshift, for the f3CDM model: f(T ) = αT0(1 − e−pT/T0) of (2.27). We have considered
b = 1/p = 0.1, h = 0.68, Ωb0 = 0.05, Ωcdm0 = 0.24, Ωr0 = 10
−5.
Let us now proceed to constrain this model using two different data sets, namely
CC +H0 and the combination of all data sets CC + H0 + SNeIa + BAO. In Figs. 8 and
9 we depict the contour plots of various quantities for CC + H0 and CC + H0 + SNeIa
+ BAO, respectively. Additionally, in Tables 6 and 7 we summarize the best fit values for
the two data sets respectively.
As we can see, the parameter b which determines the deviation from the ΛCDM sce-
nario is near zero, i.e. the f(T ) model at hand constrained by the current data is found
to be close to ΛCDM cosmology as expected. However, similarly to f2CDM model, and
contrary to the f1CDM model, it is interesting to note that the b = 0 value is now inside
the 1σ region, and hence this model can observationally coincide with ΛCDM cosmology.
The similarities in the behavior of f2CDM and f3CDM models arise from their similar
functional form, and as we can see in a cosmological context they are practically and
statistically indistinguishable.
5 Conclusions
In the present work we have used the recently released cosmic chronometers data in order
to impose constraints on the viable and most used f(T ) gravity models. In particular, we
considered three f(T ) models with two parameters, out of which one is independent, that
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Figure 8. 68.3% and 95.4% confidence-level contour plots for various quantities and for the free
parameter b, for the f3CDM: f(T ) = αT0(1−e−pT/T0) of (2.27), using only CC + H0 observational
data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm = Ωcdm + Ωb,
and h = H0/100 km/s/Mpc. Additionally, we present the marginalized one-dimensional posterior
distribution, where the dashed curve stands for the average likelihood distribution.
Parameter best-fit mean±σ 95% lower 95% upper
Ωcdm0 0.1902 0.1924
+0.013
−0.015 0.1647 0.2209
h 0.7184 0.7157+0.013−0.013 0.689 0.7417
b 0.04622 0.106+0.052−0.09 1.228e− 05 0.2246
Ωm0 0.2402 0.2424
+0.013
−0.015 0.2147 0.2709
Table 6. Summary of the best fit values and main results for various quantities and for the free
parameter b, for the f3CDM: f(T ) = αT0(1 − e−pT/T0) of (2.27), using CC + H0 observational
data. The parameter Ωm includes both baryons and cold dark matter, i.e. Ωm = Ωcdm + Ωb, and
h = H0/100 km/s/Mpc.
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Figure 9. 68.3% and 95.4% confidence-level contour plots for various quantities and for
the free parameter b, for the f3CDM: f(T ) = αT0(1 − e−pT/T0) of (2.27), using CC + H0 +
SNeIa + BAO observational data. The parameter Ωm includes both baryons and cold dark matter,
i.e. Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc. Additionally, we present the marginalized
one-dimensional posterior distribution, where the dashed curve stands for the average likelihood
distribution.
Parameter best-fit mean±σ 95% lower 95% upper
Ωcdm0 0.2148 0.2162
+0.0091
−0.0099 0.1973 0.235
h 0.6993 0.698+0.0089−0.0084 0.6807 0.7153
b 0.03207 0.09+0.041−0.08 1.483e− 05 0.153
Ωm0 0.2648 0.2662
+0.0091
−0.0099 0.2473 0.285
Table 7. Summary of the best fit values and main results for various quantities and for the
free parameter b, for the f3CDM: f(T ) = αT0(1 − e−pT/T0) of (2.27), using CC + H0+ SNeIa
+ BAO observational data. The parameter Ωm includes both baryons and cold dark matter, i.e.
Ωm = Ωcdm + Ωb, and h = H0/100 km/s/Mpc.
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are known to pass the basic observational tests, and we quantified their deviation from
ΛCDM cosmology through a sole parameter. Hence, we used observational data in order
to fit this parameter, as well as various other cosmological quantities.
In our investigation we used (i) the very recently released cosmic chronometer data
sets along with the latest measured value of the local Hubble parameter, H0 = 73.02±1.79
km/s/Mpc [91], (ii) the Union 2.1 compilation [102], which contains 580 SNeIa data in
the redshift range 0.015 ≤ z ≤ 1.41, (iii) baryon acoustic oscillation data points. For each
specific f(T ) model we provided two different sets of values for the model parameters, one
arising from the combined data CC + H0, and one arising from CC + H0 + SNeIa + BAO
data.
As we saw, for the first model, namely f1CDM one, both CC + H0 as well as CC +
H0 + SNeIa + BAO analysis seem to slightly favor a small but non-zero deviation from
ΛCDM cosmology. On the other hand, for f2CDM and f3CDM models, deviation from
ΛCDM cosmology is also allowed, nevertheless the best-fit value is very close to its ΛCDM
one. These results are in qualitative agreement with previous observational studies on f(T )
gravity, where the CMB shift parameter alongside with SNeIa + BAO data had been used
[84–87], however the incorporation of the novel cosmic chronometer data, as well as the
improved BAO ones, has led to smaller statistical errors. Hence, although in the previous
analyses all viable f(T ) models in the obtained confidence level were found to be practically
and statistically indistinguishable from ΛCDM cosmology, in the present work we found
that one of them, namely the power-law model f1CDM model of [21], may have a slight
deviation from ΛCDM paradigm.
In summary, using for the first time the recently released cosmic chronometer data,
we were able to fit the viable and most used f(T ) gravity models. Clearly, f(T ) gravity
is consistent with observations, and hence it can still serve as a candidate for modified
gravity. It would be interesting to extend the present analysis by including the anisotropy
in the cosmic microwave background (CMB), data from large scale structure (LSS), as well
as data from weak lensing (WL), in order to obtain more complete results and acquire
a clearer picture concerning the possible deviation from ΛCDM cosmology. Such a full
combined analysis using dynamical tests is left for a future project.
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